The vulnerability of Egypt to potential impacts of sea level rise has been considered. It was recognized that many locations in Egyptian Coast, on Mediterranean Sea (Mersa Matruh, Alexandria and Port Said) and on Red Sea (Hurghada), are highly vulnerable to the potential impacts of sea level rise, salt water intrusion and increase of frequency and severity of storm surges. The aim of this study is to investigate the monthly average and the variations of sea level and meteorological conditions along the Egyptian Mediterranean and north Red Sea coasts. Monthly mean cycles and correlation coefficients between MSL (Mean Sea Level) and different meteorological parameters were also calculated. The analyzed data was from 2007 to 2009 covering 3 years of hourly recorded sea level and meteorological parameters were used except for Hurghada sea level was for 2007 and 2008. Sea level harmonic analyses were done by using TOGA (Tropical Ocean and Global Atmosphere) software. Sea level variations were also computed, and it was 20.1, 20, 0.1 and 55.3 cm in Alexandria, Port Said, Mersa Matruh and Hurghada respectively. The annual of the tidal constituents were computed to determine the MSL. Surge calculations were done by using TOGA software and eliminating the predicted tide from the observed sea level. The average calculated surge was also analyzed that the highest surge happened during summer and the lowest during winter in Alexandria and Port Said, while the highest surge was during winter and the lowest during summer in Hurghada. The surge variation was very weak in Mersa Matruh. The result of multiple regression analysis is a statistically significant relationship between the variables at the 99% confidence level.
Introduction
 MSL (Mean Sea Level) is the measure of the average height of the ocean's surface (such as the halfway point between the mean high tide and the mean low tide), used as a standard in reckoning land elevation.
Higher global ambient temperatures, thermal expansion of ocean waters, subsidence of coastal lands and increased melting of sea ice are just some of the factors that can contribute to sea level rise. Some estimates predict that sea level rise of approximately 50 cm could result from these factors. The effect on vulnerable coastlines, coastal communities and coastal infrastructure would then range from serious to catastrophic. The social, economic, cultural and ecological foundations of human life in these areas could be seriously affected [1] .
Currently, sea level change is of considerable interest because of its potential impact on human populations living in coastal regions and on islands. This study focuses on regional sea level variations and the effect of meteorological elements on it over time. Any rise in sea level will have adverse impacts (e.g. coastal erosion and flooding) which depend on the time scale and the magnitude of the rise, as well as the associated human response.
A rise in sea level may be due to a multiple factors at various time scales. Not only atmospheric storms or river flooding in estuaries [2] , but also the sinking or rising of land (and similar non-climate related changes) is linked to isostasy or the construction of buildings.
Sea level changes are a subject of many interdisciplinary investigations such as a greenhouse effect and the global temperature changes. A rise in sea level will generate a need for a coastline protection and possible intrusion of seawater into freshwater areas in the future [3] . All these suggest the necessity of a careful study of mean sea level changes.
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A surge is an offshore rise of water associated with a high and low pressure weather system. Surge is caused primarily by winds that push the ocean's surface. The wind causes the water to move higher or lower than the ordinary sea level. Pressure at the center of a weather system also has a small secondary effect, as well as the bathymetry of the body of water. It is the combined effect of atmospheric pressure and persistent wind over the water body which is the most common cause of surge. The term "storm surge" in casual (non-scientific) use is storm tide; that is, it refers to the rise of water associated with the storm, plus tide, wave run-up and freshwater flooding. When referring to storm surge height, it is important to clarify the usage, as well as the reference point. NHC (National Hurricane Center) tropical storm reports reference storm surge as water height above predicted astronomical tide level and storm tide as water height above NGVD-29 (National Geodetic Vertical Datum-29).
It represents an ocean reaction to the large-scale impact of atmospheric pressure and wind. Irregular currents and level variations related to movement of pressure disturbances over sea-shelf might cause floods on flat coasts sometimes leading to catastrophic consequences. [4] The tidal harmonic analysis technique is the main tool in analyzing of tidal data which collected from hourly tidal observations by tide gauge. From this technique, the amplitudes and phase angle of the tidal constituents and mean sea level at a specific location can be determined, which used in prediction of tide for the same locations.
The effect of wind on sea level is very variable and depends largely on the topography of the coastline [5] . The direct effect of the tangential stress of the wind on the sea surface brings about arising or a lowering of the sea level.
A strong wind blowing straight on shore will pile up the water and cause the raising up in sea level, while wind blowing off the land will have the reverse effect.
Owing to the influence of the earth's rotation, the moving water masses are deflected to the right in the northern hemisphere and to the left in the southern hemisphere. When these water masses reach the coastline, the sea level increases rapidly, since the water is piled up, resulting thus in a positive storm surge or set-up. If the net water transport is directed away from the coast, the result is lowering in the sea level, which is described as a negative storm surge or set-up the most pronounced storm surges generally arise in relatively shallow sea regions bordering the oceans and in shallow marginal [6] .
Research Problem
The objective of this paper is to identify and assess some of the main vulnerable areas to sea level rise in Egyptian Governorates on Mediterranean and Red Seas. The main objective is to identify vulnerabilities to sea level rise and to assess adaptation measures and point out the urgent need to build up institutional and human capacities to approach the problem and to identify gaps, points of strength and weakness, options of adaptation and needs for sustainable development.
Research Questions
What is the effect of Sea Level Rise on the Egyptian Economy?
When does the effect of Sea Level Rise start to arise?
Research Methodology
This research is a descriptive research to investigate the monthly average and the variations of sea level and meteorological conditions along the Egyptian Mediterranean and north Red Sea coasts and is using the following procedures: 
Literature Review
Meligy, M. M. [7] studied wind waves and surge and applied these methods along the Egyptian coast of the Mediterranean Sea and studied the effect of the depression movements on the wind waves along the Egyptian coast of the Mediterranean Sea at Alexandria, Abu Qir and Ras Elbar during the period 1992 to 1995. The storm surge at Alexandria from observed sea level during the period 1995 to 1998 was calculated. The mean sea level was also found 51 cm.
Dawod, G. et al. [8] studied the mean sea level along the Egyptian coast of the Mediterranean Sea with observations at Alexandria during the period (2001) (2002) (2003) and collecting data from 1944. Also at Portsaid, during the periods of 1990-1991, 1997-2003 and 1926-1965 , the mean sea level was found 51 cm.
Analysis of Sea Level Data during the Period (2007 to 2009)
Tide Interaction
The difference between actual sea level (with its seasonal, annual and inter-annual components excluded) and the sum of surge and tidal level components is a commonly accepted measure of this interaction [4] .
Surge Heights Estimation
The surge at any location, derived from the observation of the sea level may therefore be regarded as consisting of a part generated by wind stress acting tangentially over the sea surface, and another part generated by barometric pressure [9] . The meteorological effects on sea level are superimposed on the normal astronomical tide. To compute the storm surge at a coastal location from a sea level recorded there, the main problem is the elimination of the tide. This can be done by various methods [9] .
Elimination of the Predicted Astronomical Tide Method
In this method, it is desired to eliminate the astronomical sea level elevation from the observed one by subtraction of the predicted tide from the recorded heights to get the hourly surge heights.
In order to be able to predict the tide at any place, it is necessary as a first step to determine the harmonic components and their respective phase angles, and then it becomes a process of addition and multiplication to predict the tide.
Sea Level Harmonic Analysis
The tide is caused by the attraction of the sun and the moon on the oceans and the rotation of the earth. The precise pattern at any particular spot along the coast depends strongly on the shape of the coastline and on the profile of the seafloor nearby. Furthermore, in shallow seas, bays and estuaries co-oscillating tides and resonance contribute to a large amount to the final shape of the tides. The tides at any specific location are essentially impossible to be calculated theoretically even though the generating gravitational forces are very precisely known.
Coastal seas frequencies occur in shallow water. The shallow water constituents are called compound tides and over tides. They are mainly results of the nonlinear dynamic processes which are present in the physics governing the motion of water, namely:
 Dependence of the celerity of a tidal wave on the actual water depth;  Nonlinear bottom friction;  Advection of momentum. From the monthly analysis result, author can conclude that: the maximum values in August are 61.6 and 70 cm, while the minimum value in April is 40.6 cm and in February 50 cm. And the differences between the maximum and the minimum values are 20.1 and 20 cm in Alexandria and Port Said, respectively.
The minimum value in Mersa Matruh was 32.7 cm, while the maximum was 32.8 cm, and the difference between the maximum and the minimum values was 0.1 cm. Therefore, there is a very small change in Mersa Matruh's sea level during the year.
The maximum value in Hurghada in December was 140.9 cm, while the minimum in August was 85.6 cm, and the difference between the maximum and the minimum values was 55.3 cm. Therefore, there is a large change in Hurghada's sea level during the year. Tables 1-4 represent the annual tidal constituents using harmonic analysis in the four stations.
The difference between the maximum and the minimum values were 2.9, 0.04, 0.002 and 4.4 cm for Alexandria, Port Said, Mersa Matruh and Hurghada, respectively, so the highest change in sea level happened in Hurghada and the lowest in Mersa Matruh.
The MSL in Alexandria is 51 cm, and this agreed with results got by Meligy, M. M. [7] and Dawod, G. et al. [8] and bigger than the results got by Rady, A. [5] and El Din, S. S. et al. [10] .
Surge Calculation
The result of the elimination of the predicted tide from the observed sea level is the calculated surge.
Elimination of the predicted tide from the observed sea level made by using sea level data processing on the TOGA software, for Alexandria, Port Said, Mersa Matruh and Hurghada during the period of study. Tables 5-8 are the monthly average surge in Alexandria, Port Said, Mersa Matruh and Hurghada respectively, during the period of the study.
The
The differences between the maximum and the minimum values are Alexandria 24.8 cm, Port Said 21.5 cm, Mersa Matruh 0.8 cm and Hurghada 30 cm. Table 9 illustrates the yearly average surge in the area of study that Alexandria has maximum value 21.4 cm while Mersa Matruh has the minimum value -0.08 cm. Table 9 The yearly average surge in the area of study. 
The Effect of the Meteorological Elements on the Sea Level
Figs. 1-4 represent the relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at the four stations during the period of the study.
The Relation between the Meteorological Elements and Sea Level
Correlation analyses were made to investigate the relation between the meteorological elements and sea level (Tables 10-13 ).
The Tables 10-13 illustrate that: (1) Alexandria: there is a very strong (inversely proportional) relation between temperature and pressure and wind speed, while a strong directly proportional relation with mean sea level and surge;
(2) Port Said: there is a very strong (inversely proportional) relation between temperature and pressure, while a strong directly proportional relation with mean sea level and surge; (3) Mersa Matruh: there is a very strong (inversely proportional) relation between temperature and pressure, and a very weak relation with wind speed, mean sea level and surge; (4) Hurghada: there is a very strong (inversely proportional) relation between temperature and pressure and surge, and a moderate relation (inversely proportional) with mean sea level.
There is a very strong (inversely proportional) relation between temperature and pressure, and this result is in good agreement with earlier studies in the four stations. Fig. 1 The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Alexandria during the period of the study [11] . Fig. 2 The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Port Said during the period of the study [11] . Fig. 3 The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Mersa Matruh during the period of the study [11] . 
The Multiple Regression Analysis
The multiple regression analysis was made for the four stations using STATGRAPH plus software to determine the constant factors and the relation between the dependent and independent variables.
The dependent variable is surge and the independent variables are atmospheric pressure, air temperature and wind speed. The results of fitting a multiple linear regression model are to describe the relationship between surge and the three independent variables. The equation of the fitted model is: There is a statistically significant relationship between the variables at the 99% confidence level.
Conclusions
(1) Egypt's coastal areas on the Red and the Mediterranean Seas are exposed to the potential adverse effects of sea-level rise in varying amounts. The coastal Egyptian Governorates have realized the danger of these impacts on their economy and have begun positive steps towards adaptation to potential economic or social hazards;
(2) Urban expansion in coastal areas, especially in densely populated areas, poses a major threat on coastal property in that area; (3) There is no accurate data regarding the decline of coastal lands on the Mediterranean Sea, especially in areas under extraction of oil and gas, which poses a threat on investment in those areas; (4) Climate change poses a threat on coastal and noncoastal enterprises due to high droughts, floods and sea level rise. Egyptian authorities are taking preventive measures to reduce these risks; (5) The Egyptian authorities also plan and implement proactively for sustainable development in threatened areas in order to preserve the right of the future generations to live safely; (6) The Egyptian Governorates bordering the Red and the Mediterranean Seas shall take the necessary measures to adapt to future changes in the absence of potentials where decision makers make the strategic decisions regarding the development of coastal areas to adapt to possible changes.
Recommendations
(1) Develop the database for monitoring the sea level to include the Mediterranean and Red Seas, where the Egyptian authorities have a climate database for sufficient time to carry out the necessary studies;
(2) The Egyptian authorities working in the field of studying and monitoring climate change should provide the required data for studies on climate change (eg sea level, storms, salinity of water, soil, coastal temperatures, phytoplankton, pattern of erosion and information on coastal areas) for researchers to conduct studies and can therefore provide information on adaptation to future climate change; (3) The General Authority for Remote Sensing shall provide the necessary images for study in the coastal areas to identify and assess the rates of land degradation and sea level rise; (4) Support the researchers in the fields of sea level study, wastewater treatment and saline-contaminated plants, as well as supporting awareness programs for coastal communities and building Egyptian capacities; (5) Studying the sea level is very important for navigation, petroleum activities, shore instructions and Suez Canal. As this research is dealing with tide, harmonic components, mean sea level, surges and their relations with the meteorological elements, it is highly recommending to continue this study depending on more data and develop a strategy for the study of changes in sea water levels; (6) Egyptian Public Authority for Shore Protection shall review the Egyptian coastal protection projects on the Mediterranean and the Red Seas to determine whether minor or effective changes can be made after conducting the necessary studies in cooperation with the scientific authorities; (7) All the departments have to cooperate together in order to have a better results to help the development of the Egyptian coast; (8) Get familiar with the new software for analysis; (9) Follow up implemented case studies and carry out assessments and suggestions for improving and disseminating information to various concerned authorities; (10) Establishment of an information database concerning investment in the coastal zone; Make data and information transparent to planning authorities, EIA (Environmental Impact Assessment) experts and investors.
